The main objective of this research is to determine the feasibility of using a multi touch tabletop system for applied mathematics learning in primary education with students with special needs (SEN). The instructional content designed on the tabletop focuses on understanding and managing money, coins, and banknotes. The study also analyzes the impact of this technology on students' motivation. The tabletop system was used in a real educational setting, where we compared the learning experience of the students before and after using the tabletop. The evaluation method focused on three elements: the increase of knowledge, the relationship between the acquired learning depending on the educational level and the type of educational needs, and the student's satisfaction and motivation after using the tabletop. Our results reveal that the tabletop is a feasible technology that can be successfully applied in special educational needs contexts.
INTRODUCTION
Mathematics, understood as "a system of tools, products and processes" used by people in their lives to make daily decisions and guide their actions is very important in society (Niss, 1995) . From this point of view, mathematics must give priority to problem-solving methods based on the experience of everyday life (Schliemann & Carraher, 2002) . Learning applied mathematics is more important for people with special educational needs (SEN). Although these students will probably not obtain standard mathematical skills (list, numeracy, problem solving, etc.) as the rest of their fellows (Fletcher, Lyon, Fuchs, & Barnes, 2007) , they
To address the challenges faced by these students, many researchers recommend using technology because of its power and flexibility (Woodward & Carnine, 1993) . Technology can adapt and individualize mathematics instruction for students with special educational needs (Bryant & Bryant, 1998 ; "National Council of Teachers of Mathematics", 2000) , provide students with a variety of individualized math instruction tailored to their characteristics, and increase students' performance (Hasselbring, Goin, & Bransford, 1988; Symington & Stranger, 2000) . Interaction with technology makes students actively participate in the learning process, improves instruction understanding, and improves learning outcomes (Chou, 2003; Crowther, Keller, & Waddoups, 2004; Hinostroza & Mellar, 2001) . However, what technology is the most useful for SEN students? Are there any differences among the technological tools currently available?
The quality and availability of technological tools have increased over the past decades. Researchers and teachers in the field of special education have made efforts to incorporate technology into math curricula for students with learning difficulties to improve their results effectively and efficiently (Anderson-Inman, Knox-Quinn, & Horney, 1996; Ferretti & Okolo, 1996 , Raskind & Higgins, 1998 Torgesen & Barker, 1995 , Woodward & Carnine, 1993 Robinson, DePascale, & Roberts, 1989) . As it is expected, students' effort is also required. Due to the comprehensive nature of mathematics, students with learning disabilities need a sufficient number of practice sessions, and various representative examples to learn and understand the material (Fuchs et al., 2008) .
Based on the studies mentioned earlier, this work tries to explore the use of tabletop systems as a technological tool to support an active learning approach in mathematics for students with special educational needs, in line with other works in the literature (Goh, Shou, Tan & Lum, 2012; Higgins, Mercier, Burd & Joyce-Gibbons, 2012; Hwang, Shadiev, Tseng & Huang, 2015; Roldan-Alvarez et al., 2015) . An initial description of the educational application developed to teach the use of the monetary system is provided in the next section. Finally, an experimental design implemented to evaluate the impact of the tool on the learning process is presented. The evaluation is focused on quantitative results to assess the overall effectiveness of tabletops and the motivation that they can provide to children with special educational needs.
METHOD

Participants
A convenience sample of twenty-two students with SEN, whose age ranged between 6 and 12, enrolled in primary education in a public school in Alicante (Spain) was selected. Their curricular competence level is described in Table 1 . The sample grouped by type of educational need is illustrated in Table 2 . 
Apparatus
Our methodological approach focused on the use of the monetary system and solving different problems using our own developed tabletop system (Self ref.). The tabletop is comprised of a video projector and two cameras with stereoscopic view of the interaction area (Figure 1) . The main advantage of this system is that it can be used by multiple users supporting multi-touch interaction. The system recognizes multiple fingers and hands. This means that multiple users can interact with the system while allowing cooperative interaction. The tabletop system implements an application protocol interface (API) based on the TUIO protocol (Kaltenbrunner, Bovermann, Bencina, & Constanza, 2005) , which provides information about the status, position and orientation of the fingers, and supports augmented reality applications. The system is capable of recognizing different types of augmented reality markers, and returning the marker's location and orientation in 3D space. The main feature of this tabletop design is its ability to transform any type of table into an interactive surface. Because of this, students' desks can be used as interactive surfaces allowing an easy installation in any classroom. Additionally, the auto-calibration capability is robust enough to allow tabletop system movement anywhere in the classroom, without changing its configuration. 
Materials
A set of interactive 3D educational materials related to the European monetary system were developed for this tabletop. The application allows visualization and manipulation of all coins and notes of the European monetary system. It also promotes the association of coins and notes with the corresponding amount, creating a scenario where students can solve mathematical problems in a virtual shopping simulation game (see Figure 2 and 3) . Launching the software is accomplished by the augmented reality capabilities of the tabletop system. An augmented book was developed to explain the advanced features of the tabletop software and serve as a launching mechanism for a series of educational contents. Showing the page corresponding to the monetary system application is sufficient to launch the application, which is made possible by the marker less augmented reality feature (an image is used as an augmented reality marker) (see Figure 4) 
Procedure
Once parent consent was obtained, participating students were informed about the study schedule (see Table 3 ) and the goal of the learning activities. A regular class was used for this introduction, so students would not be distracted by the tabletop and miss important points. In this class, all students' questions were answered. After this explanatory class, during the first week, the selected students individually passed the pre-achievement test. In subsequent classes, students performed the program with the tabletop. During a three week period, students worked with the tabletop for three hours per week. During lesson development, students worked collaboratively in groups with the teacher's assistance. In the third week, children passed the post achievement test and the motivation questionnaire. To evaluate the learning improvement using the tabletop system and the application, a quasi-experimental design was used with pre-posttests without a control group (due to the relative small number of participants). A test of knowledge comprised of four activities (Annex I) was used for both pre and posttests. The validation of this instrument was done by a group of ten experts in the area of special education using a multiple choice instrument (Annex II). This tool evaluated five criteria: clarity, relevance, accessibility, exclusivity, and adequacy. From the results shown in Table 4 , we note that, in general, the reviewers assessed a score close to excellent (near to 4 points) with a significant degree of agreement between them, and obtained a significant Kendall coefficient of concordance (W=0.89, p<.001). Moreover, the multiple-choice instrument was found to be highly reliable (4 items; α=.83).
On the other hand, student's motivation was evaluated with a fourteen item questionnaire based on a five level Likert scale (see Table 5 ). 
Data analysis
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS version 19.0) in Windows 7 Professional. Data analysis was performed at two different levels: a descriptive level and an inferential level. The descriptive level included both the results of the pre-test and the post-test of knowledge and the motivation questionnaire. The results of the four activities and the full test were expressed in frequencies and percentages.
Because of the small sample size, nonparametric statistics were used for the inferential analysis (Pardo & Ruiz Diaz Merino, 2005) .
RESULTS AND DISCUSSION
Total pre-test and post-test results are summarized in Table 6 . Detailed pre-test and post-test results by type of learning exercise are shown in Table 7 . Table 8 provides the total results grouped by the type of special educational need. Detailed results are provided for those student groups whose sample size was larger. Hence, it was studied: attention deficit disorder, learning disorder not otherwise specified and learning difficulties. Table 9 organizes the results by educational level whereas Table 10 organizes them by special educational need and activity. Figure 5 summarizes relative frequencies for each of the four activities carried out by the students.
In the first activity, students were asked to associate each coin with the corresponding currency amount. After finishing the experiment, it was observed that all students knew the one euro currency. However, none of them recognized the two euro and 20 cent coins. After working with the tabletop, we found that only 4% of the students had problems with the 2-euro coin (Figure 5 ).
In the second activity, students were asked to match each bank note with the corresponding currency amount. Before the tabletop was used, almost 70% of the students knew the 5 euro note. Nevertheless, the number of correct answers decreased as the value of the banknotes increased. In fact, only 4% of the students were able to recognize the 500 euro note. After using the tabletop, almost everyone recognized all bills. Only about 4% of students had difficulty recognizing the 5, 100, and 200 euro bank notes (Figure 5 ).
In the third activity, students played a role game where they pretended to be customers in a general store. In this game, they had to select the exact amount of money to buy different objects individually. Before the tabletop system was used, 95% of the students were able to correctly select 20 cents, 63% of the students spent 1.30 euro properly, and only 10% of them were able to buy a 3-euro object. After using the tabletop, the results improved substantially, as shown in Figure 5 . Results indicate that all students were able to select any amount of money, except the last one, which apparently was the most difficult. In this case, only 60% of the students were able to pay correctly. The fourth activity consisted in collecting different amounts of money by selecting several coins and banknotes. In this activity, students also had to gather the exact amount of money. Before the activity was performed in the tabletop system, 81% of children could select 4 euros correctly, whereas only 36% of them collected 2.51 euro. When asked to collect 3.25 euro, 54% succeeded. Only 9% of the students got 7.02 euro and finally, 18% put together the quantity of 22.50 euro. On the other hand, when the activity was played in the tabletop system, the results improved significantly, as shown in Figure 5 . This time, everybody was able to select the first four quantities correctly. Although there were problems with the last three amounts, an improvement was observed: almost 60% of the students could answer all the activity questions. For each activity, we conducted four pairwise comparisons using a Wilcoxon test to evaluate differences in medians among the two treatments, pre-tests and post-tests (Andel, 2007 , Quinn & Keough, 2002 , controlling for the Type I errors across theses comparisons at the .05 level using the least significant difference procedure. For the four activities, the median concern for the results obtained in the global knowledge tests after the study was significantly greater than the median concern for the results obtained in the global knowledge test before the study, p<.001, as shown in Table 11 . Results were analyzed by dividing the sample into three groups according to the educational level. Once again, for each group and activity, pairwise comparisons were conducted using a Wilcoxon test. The median concern for the results obtained in the global knowledge tests by the students in first and third education level after the study was significantly greater than the median concern for the results obtained in the global knowledge test before the study, p<.02, as shown in Table 12 . The median concern for the second grade students results obtained in the global knowledge tests after the study did not differ significantly from de median concern for the results obtained in the global knowledge test before the study, p=.063. Only in one of the activities, the median of the results obtained after the study was significantly greater than the median concern for the results obtained before the study, p=.046, as shown in Table 12 . Results were analyzed once again by dividing the sample into five groups according to the type of SEN. For each group and activity, pairwise comparisons were conducted using a Wilcoxon test. The median concern for the results obtained in the global knowledge tests by attention deficit hyperactivity disorder students, learning disorder not otherwise specified students and learning disabilities students after the study were significantly greater than the median concern for the results obtained by these students in the global knowledge test before the study, p<.05 as shown in Table 13 . The median concern for the results obtained in the global knowledge tests by developmental delay students and mild mental retardation students after the study did not differ significantly from the median concern for the results obtained in the global knowledge test before the study, p>.15, as shown in Table 13 . The fact that there are no statistically significant differences could be possibly due to the small number of students in these two groups.
Finally, when asked about their opinion and experience using the tabletop, students reported they felt comfortable with this new way to work. The students investigated a given situation and were challenged to adjust their coins or bills to collect the exact amount of money determined by the item price (the machine did not give any change back). By performing this activity, students actively collaborated and worked together as well as combined coins and bills in different ways (e.g., two coins of one euro, or one coin of two euro) by tapping and dragging virtual money over the table. This type of experience and interaction is impossible to do on a paper and pencil environment, as the system allows student to go one step further from a traditional exercise performed on paper.
CONCLUSION
This pilot study settled a possible approach for using tabletop systems with students with special educational needs. The results indicate that tabletop activities related to the European monetary system were not only effective as a learning tool but they were also motivating for students with special educational needs.
This study provides evidence to suggest several reasons why the tabletop instructional effectiveness is higher than that using traditional construction tools. First, there was a novelty aspect regarding the use of tabletop as students had never been involved in a similar learning environment before. It was observed that students attended the lessons on time, participated in the activities enthusiastically, and stayed in the computer lab even after the class sessions were over so they could spend more time using the system. Second, the tabletop provided tools for students to make and test conjectures based on their observations. Furthermore, the interaction provided by the activities allowed the students to check several combinations in a minimal amount of time. Third, the interaction provided by the activities and inquiry-oriented lesson structure, allowed the students to manipulate virtual money and calculate item prices. Easiness to perform such actions was probably even more critical for students with special educational needs.
Results have shown that the use of the tabletop system contributes significantly to increase the knowledge acquired by the students. In addition, data tests have shown that all students improved both in recognizing coins and bills as well as selecting the indicated amount of money, although some had problems dealing with larger sums of money. It can be concluded that students with special educational needs have increased their math knowledge and improved their money dealing skills by using the tabletop system. In this study, the relationship between the type of need and the increase of knowledge were also analyzed. A significant increase in the level of knowledge was found in students with learning disabilities, learning disorders not otherwise specified and attention deficit hyperactivity disorder.
As an important part of this research, we want to emphasize the tabletop as a new technology-based artifact which offers new ways of interacting with the European monetary system, and using technology as an "object-to-think-with", which would provide a new view of learning euro's monetary system with technology (Papert, 1993) .
As for the relationship between the increased knowledge and the educational level, a statistically significant relationship was found among the increased knowledge and students who were at a level of knowledge of first grade and those who were at a level of knowledge of third grade. Moreover, this relationship was nonexistent for students in the second grade. A greater difficulty was observed when adding euro, as this task makes the student add and subtract as well as converting euro to cents and cents to euro. For this type of students, this fact adds a substantial complexity level.
Finally, students found the tabletop system attractive and motivating because they enjoyed learning with their mates. Working with the tabletop system increased the motivation of students throughout the teaching/learning process, and thus, assimilation of knowledge also increased. Additionally, students' collaboration was important because of the information feedback established among students, as they were capable of solving problems together by using the tabletop system.
There are two main limitations in this study. The first one is related to the relatively small sample size (22 students with Learning Disabilities). These students were selected according to the study criteria. Although the number of students included in each analysis was quite small, these strategies have been successfully used with a variety of students (Hock, Deschler and Shumaker, 1993) . In a future research, other cases with Learning Disability students will be included to support the findings of this study. The second limitation is related to the fact that this experience was the first contact of these students with a tabletop system, which caused excitement and engagement. The novelty effect could have introduced some bias in the obtained results, especially regarding motivation responses. 
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